It seems a far cry from 1761 when the chemist's place ofwork was defined in the following way: 'Laboratory or Elaboratory, the chemists workhouse or the place where they perform their operations, where their furnaces are built, their vessels kept, etc. and in general the term laboratory is applied to any place where physical experiments in pharmacy, chemistry, pyrotechny etc. are performed' [-1] . By 1880 it was pointed out to the American Society of Microscopists that 'the better the instrument the more reliable the results obtained, and the best work cannot be done even by the most expert worker except with the best instruments'
[2]. Ofcourse we have seen dramatic changes in the appearance of analytical instruments since those days, and by the mid 1950s George D. Beal could confidently state that the analytical laboratory was, in his estimation, 'the Supreme Court of the chemical profession in its relation to industry' [3] .
From early times, equipment for chemical transformations has been made by man--his machines having been evolved from apparatus of the kitchen, the pharmacy and the forge. Quality and purity measurements became fairly widespread, the only really qualitative tests being thcse for the assay of gold and silver by cupellation. The 17th century witnessed many new instruments, such as the telescope, microscope, air pump and pneumatic trough for the collection of gases. Eighteenth-century preoccupations with fire paved the way for the introduction of the mouth blowpipe, which further extended the range of analytical chemistry. Hydrometers, burettes, pipettes, polarimeters, viscometers, bunsen burners, colorimeters, and a whole host of varied and important instruments became available to the laboratory during the 18th and 19th centuries. The 19th century was a period of consolidation. Chemical analysis grew into an art, with a sound empirical basis involving weight relationships and chemical combinations. Techniques on gravimetric analysis were continually refined and there emerged new concepts of physical chemistry towards the turn of the century. Techniques in volumetric analysis were gradually improved, though it only became effective in industrial applications around the middle of the century, and it matured as an accurate method of analysis with the advent of sensitive indicators and the general acceptance of titrimetric procedures. * Correspondence to 16 Newbury Grove, Hopwood, Heywood, Lancashire OLIO 2PL, UK.
The first titrimeric method was probably carried out by Claude Joseph Geoffroy in 1729 when he showed that Orleans' vinegar was stronger than the Parisian variety [4] . Descroizilles described a burette for the volumetric determination of alkaline materials in 1806.
Instrumental methods at the turn of the century were well received. They had an important role to play in industrial research and a greater speed and sensitivity in repeated analyses more than justified initial costs. The theory of analytical chemistry became more refined towards the end of the 19th century, and physical chemistry became popular through scientists such as Wilhelm Ostwald (1853 Ostwald ( -1932 , William Gibb (1839 -1905 and Wilhelm Pfeffer . Theoretical titrimetry became established, as did electrometric analysis--Robert Behrend performed the first potentiometric titration in 1893.
Twentieth-century analytical chemistry had a firm footing, both theoretical and practical, on which to build techniques in the future. Theory and practice were becoming cemented together with the aids of better laboratories, improved tools of experimentation and a more coherent approach to the problems in analytical chemistry, though analytical methods remained similar to 19th-century techniques until the emergence of physical methods in applied electricity. The Laboratory of the Government Chemist in Clements Inn Passage, London, was originally equipped in 1895 and it represented a significant landmark in analytical workshops in Britain because of its advanced design. It set a precedent for others and was a showpiece of the late Victorian age [5] . The benches had gas controls, sinks and waste-disposal facilities which were planned for accessibility when servicing. Other features were a centrallyheated water supply (which served as a hot plate as well as a drying cupboard), a vacuum line, a microscope, a balance, a flash-point apparatus, a refractometer, a polarimeter and a centrifuge for milk analysis. The Government Chemist's laboratory was in no way a reflection of most contemporary laboratories. From around the turn of the century until about the 1930s, analytical laboratories were furnished with equipment typical of that used for traditional analyses and such wet analytical techniques dominated procedures used in analysing the materials of production and research well into the 30s when electrically powered aids became more commonplace. The First World War 'greatly accelerated the demand for many things and resulted in a large increase in industrial production' [7] . New and improved products created the need for careful process-control requirements--classical methods of analysis could hardly cope. At the end of the War there was a further steady increase in production. New elements were finding their way into new products which rendered the older methods of analysis inadequate. The improved methods of production accentuated the requirements for more trained research chemists to undertake more precise and faster analytical techniques.
Laws, theories, factual information and instruments gathered in the fields of chemistry, physics and other related subjects. These converging ideas enabled analytical chemistry to emerge from the era of the burette and balance and into the era of the spectrometer and titrimeter--the instrumental era [8] Fantastic applications and accompanying instrumentation as applied to analytical operations have served a major role in glamourising the field. This is the major influence in the ascendancy of analytical research and routine industrial control in the last quarter century. The click of the Geiger counter, the flick of the neon,button indicators, the whine of the centrifuge, the graphic recording of the Brown chart and the fabulous simplicity of the operations of gas-phase chromatography are but casual examples. The multiplicity of electronically operated instrumentation devices has been the basis of a rapidly growing industry devoted exclusively to supplying the necessary equipment. The requisite monetary outlay involved seems to be no deterrent. From the electron microscope to the mass spectrometer, and all the intermediate installations, instrumentation serves the field without noticeable retardation [13] .
From about the end of the Second World War to the mid 1950s, three factors appear to have been operating which gave added impetus to the growth and popularity of instrumentation and automation of analytical processes. These factors may be seen as antecedents of the complex factors operating today:
(1) (2) () A decline in manpower available for analytical work. A rapid increase in the volume of analytical work required for the control of new plants.
A very marked increase in the complexity of new analytical problems arising from the development of new products, particularly in the organic field.
The trends towards automation
As instruments and systems became more sophisticated, they were further refined as a result of advances made in computerized techniques and data handling. Different systems began to be interfaced and miniaturization of electronic gadgetry allowed such systems to be featured in more compact forms. The revolution in the field of electronics has perhaps had the most far-reaching consequences for Where have all the chemists gone?
The period 1950-1960s witnessed the decline of the chemist [16J--where before older instruments had been used by experienced analysts almost as a sideline, newer generation analysts took over, all too often with very little or no knowledge of chemistry. The classical chemist was to feature less and less in industrial laboratories, and this situation was to deteriorate rapidly to the point where there was an acute shortage of such people. Wartime experiences had made the government reevaluate education in Britain because hostilities had made the country even more aware of the fact that it depended upon scientifically and technologically trained staff. If Britain was to achieve its manpower targets set in science and technology as outlined by the Percy Report on Higher Technological Education, and the Barlow Report of 1946, it was thought that university output would have to double [-17] . This doubling of the number of scientists and technologists did in fact come about. Consistent with such expansion, a trend of students staying on for sixth form education prior to university entrance came about. Many further-education institutions acquired full status of universities. The expansion in scientific subjects was also stimulated by interests in jet propulsion. Industry could not get the requisite number of such trained scientists to work in their laboratories. The economy was running at almost full employment, and demands for industrial scientists, chemists, electrical and mechanical engineers remained in excess of supply from about the late 1940s to the middle 1950s. Such factors contributed in no small way to the shortage of suitably qualified analysts. Moreover, subjects such as mathematics and statistics, electronics and physics were beginning to attract students who otherwise might have become analytical chemists. With incentives in other academic disciplines, with analytical chemistry being held in poor esteem, and a 'creaming off' to university of good practical and academic laboratory staff, the use of semiand fully automated systems in analytical quality control became a vital necessity. Another deleterious factor aggravated this situation during the 1960s, which must have been working contrary to trends that would otherwise have been beneficial to industry in Britain. There was a serious drift abroad of scientists and technologists which gave rise to the catch phrase--'The Brain Drain' [18] . It is now more than apparent that the era of Consistent with such inflationary trends in the cost of materials, professionally trained and well-qualified analytical chemists became expensive commodities at a time when low paid and unskilled technicians could achieve better and faster analytical results by using sophisticated instrumentation. Such set-ups offered greater flexibility, were less prone to fatigue effects and were found to be more cost-effective than human beings. The trend began when instrumental techniques began to be applied to analytical processes, and it has carried on unabated since with the effect that laboratories ofthe future may well be operated by neon-flashing robots that do not incorporate the instinctive correction facilities that were so often found inherently in the dedicated and experienced analyst.
The changing face of industrial analytical laboratories
Analysis is fundamental to chemical operations. A chemical synthesis can only be considered to be complete when the product has been fully analysed and its component parts determined. Analysis is the common language of the chemist in industry. As effective analysis has become more important in the face of economic constraint and a requirement for close specification control, it has come to rely even more on instrumentation and automation. Analysis is the basis of national and international commercial agreements which must depend on internationally agreed methods and interpretations. Analysis in industry embraces overlapping aspects of the overall objectives of analytical control: research, process development and process control. As increased demands were placed on analysts in industry, central laboratories introduced instruments that saved on mundane laboratory tasks and improved speed. [-46] , and that such instrumentation provides an important analytical service to industry where analytical information can be produced quickly and evaluated rapidly. In industry, such analytical procedures may be accomplished off-line, on-line, or in-line with a relatively low total analysis time. Continuous-flow and discrete sampleprocessing systems have been exploited successfully in a variety of configuations in both research and industrial laboratories. A review in 1969 by Kuzel et al. [47] gives details of the various automated and semi-automated systems then available, and R. Stanley Automation in analytical chemistry they also give extensive references to other work in the field at that time. The paper also highlights the advantages of using automated uniformity, a greater optimization of analyst's time, labour savings, increased laboratory throughput, an early warning of production and process difficulties, and a speedier transfer from research and development programmes to fullscale production. On the negative side, automation can be ineffective on a small number of samples where a variety of products is processed, where the method does not comply with official compendia, where the technique does not lend itself to automation, or, perhaps more important, where the costing of automatic equipment may be greater than any anticipated saving. There are now well-established philosophies concerning automation and there are also some futuristic ideas as to where automation and computing are leading to [48] . Whether observed and they stayed. Growth was also apparent on the numerate and social sciences such as business studies, management sciences, accounting and financial management. In our rapidly changing technological society, changes are taking place more than at any time in our history. Now adaptability and wide-ranging personal skills are required and just being a good scientist is not enough (perhaps it never was). Scientists need to be 'interfaced' at all levels to embrace the full consequences ofthe processes they set out to control and develop.
In recent times, it may be said that in Britain, the ambitious student often became a victim of the 'dirty-hands disease'--a situation whereby he quite easily became infatuated with those academic courses promising better financial rewards and greater personal recognition. There has been a reaction against the popularity of subjects such as analytical science in recent times, even though such subjects can be said to be the backbone of the economic prosperity of this country. to help any customer with instrumental problems, and a much more outward-looking attitude to business generally. Over the last few decades in Britain, there appears to have been lacking a willingness to bring together more the instrument maker and the instrument user. Applications engineering likewise has not been exploited to the full. In Britain, male models appear to rank higher than engineers. It has been said that Britain's current poor economic performance may be blamed on the predominantly non-technical backgrounds from which the senior decision-makers in British industry, finance and government are drawn. The attitude of the instrument user to the instrument maker has waxed and waned throughout time, and the lack of rapport between the two appears to have been more pronounced in the UK. Perhaps it has always been reflected in the class position held by the humble craftsmen and the snobbish intellectuals, and this again is perhaps reflected in their academic choice of subjects is already noted. The USA does not seem to have such deep-rooted intellectual rivalries, and, typical of its instrument companies, Technicon Instrument Corporation were able to capitalize on interfacing a whole variety of disciplines to fully exploit the instrumentation business. For instance, they surmounted the problems of professional secrecy by inviting professionals to contribute to their manuals, publications and international symposia.
Liebig drew parallels between the prosperity of a nation and the quantity of sulphuric acid it produced. Perhaps a more intrinsic study of analytical and control instruments would reveal similar conclusions. Dr Lyon Playfair in the 19th century was only too well aware of the systematic industrial training of qualified students in industrial studies in Germany in his report on industrial construction on the Continent in 1852. This situation is somehow reminiscent of the situation prevailing in the UK engineering industry, and has parallels in the instrument business in the UK, as Sir Monty Finniston said in his report Engineering Our Future, 1980: Inventive talents have not been harnessed effectively by manufacturing industry because, compared with Continental Europe and the large part of the world which has followed its lead, there have been neither the pecuniary rewards in this country to attract sufficient of the brightest national talents into engineering in industry...
